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1330 . FALLOUT FROM NUCLEAR WEAPONS TESTS
IHNTRQDUCTION.

Pollowing the detcnation of a thermonuclear device at the Pacific Test Site
on 1 March 1554, 039 Marshallese people were exposed to algnificant levels of
gemoa radistion from allout. Zstimated total exposures ranged from 175r on
Rongelap to 1%r on Utirik (1).

These populat!on: were evacuated to Kwalalein for deconteniratisn and care.

During the <o i

:xposure vefore evacuation was cawpleted, the
Marshallese ais0 ru.edy=d scme redicactive caterials internally by ingestion and

izshalaticn. Zstimatcs the internal bedy burden from fallout vere cbtairzed

from the amalysis (1) o0 urine samples collected soon after exposure.

These data indicu<cd that the acute hazard from intermally deposited fission
fregments wis quite snall s carmpared to the whole body geuma radiation exposure.
Although the rodicnetis ity levels in the urine were low, the activity vas
sufficient t5 :ttaio ;ousceable prucision and %0 warrant additicnal long term
studies of Lhe melivitly levels and sxervtion pestterns of this rather large and
well isolated pupriliattion.

Twe piople rrom Alinginse and Utirik were returned to their hame islends

in June 1934, Rudietion iotensities oo Rongelap, hovever, precluded an early

return to this atoll and

ne Ringelap people lived on Majuro from Juse 1954 until
July 1957.
3asic dnta on the focd crops of the Marshallese indicated tbhat after
the
resettlement on the contamirnated awllsAints.ke of strontium®® vould be increased
137 €5 €0

considerably, and that cesium , zipc“Z, and cobalt vere dietary constituents
of island and ocean foodstuffs, and also vould be assimilsted {2). The expected
increases in the trace ezcounts of raddonuclides in the food supply of a large

populetion wuuld afford an opportunity to investigate the rete of equilibration

end the discriminatlon factors operating detween food supply and man, Urlrary
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excretion levels of cesium 3/ and strontiu=’C were measured from March 195b

through March 1958, Zi.nc65 levels vere first measured in 1958 samples.

One hundred and forty ome individual urine seamples collected from 24 March
1954 through 7 September 1954 were obtained by the Realth and Safety Laboratory,
AEC. Uripe volumes were small {about 350 ml) and {t vas pecpseary to pool ‘
saxples. This vas done according to the sge of the subjects end 19 ssmples of ;
pooled uripe were aseayed. A ST liter pocled urine sample from Rongelap vas {
collected and assayed in 1956 (3). Three pooled samples end seven individual
semples vere mssayed in 1957. Thirty individusl urine semples vere assayed in
1958,

In saxples collected im 1954 and 1957 cestumt 3T vas scavanged by nickel)
ferrocyanide (urine made strongly alkaline) and counted in & crystal vell counter.
A tventy chacrel gamma-ray spectrum was determined for each sample and the er:es:iuu:l:‘}‘T
photo spectrum count rate used. The 1958 samples were asamyed dLrec"clJ for Csl37,
Z.nés, and K 1 2.5 liter plastic containers placed on an 8 x 4 inch (TH ectivated)
sodium iodide cryetal. The activity for each radio-isotope vas determined by
gamma-rey ‘Spectrsl analysis. Sample activities were compared with known radio-
active standards (* 5 percent) counted in the same geametry.

Strontxum9° wes precipitated from urine as the carbonate. YttriuwI© vas
separatcd and identified by its half-11fc using thin walled gas f{low counters.

Urine sarples were corrected for raifo-active decay to the time of collection.

There i3 sooe uncertainty as to the completeness and the durstion of time
over vhich samples wvere collected and therefore twenty-four hour urine volumes
are pot sccurately kmownm. Potusiumho'cx:mtion, using 360 d/m or 2 gz K/day
indicates an average dally volume of ebout 1180 ml (2 56 percent). It was con-
venient to use one liter as an average 24 hour urine volume and to express radlo-

assays in cicracicrocuries per liter.

;
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1332 . FALLOUT FROM NUCLEAR WEAPONS TESTS
RESULT3 AND DISCUSSION.

Cesiunl37 Eucretion Levels and Body Burden

The urinary excretion levels of cesiwum! 3’ for the years 195%, 1957, and 1958
are shovn in Tables 1 - 4. On 24 - 25 March, 1954, the mean excretion level of
cesiuxt 37 for all age groups wos 4C5 uue per liter. With an excretion rate of
0.46 percent (4) of cesium!37 body burden per 2% hours, the mama body burden

from fallout 24 - 25 days efter exposure ves l&OS/h».t’:x.lO'3 x 106

or 88 muc

(2 Sk percent). This value 1s ebout 20 times the average body burden re'pomd
by 2. C. Anderson, et al (5, 6) for people measured during 1956 - 1957 in the
United States. The cesiuml37 urinary excretion levels for the six months follov-
irg expcsure can be expressed as an exponentlal function, and a best line of

fi< drawvn through the data resulted in a half time for elimination of about

110 dnys (Fig 1). A blological half time of about 140 days hes been observed

on vcliunteers vho ingested one microcurie of redic-cesium {4).

From the 1957 Cs137 excretion levels {Table 2) the Rongelap group exposed
tc fallout vas estimated to have an average burden of about 7 muc, whereas the
Rongeclap comtrol group waa about 2 muc. Body burden in e{ther group in 1957
is cocparsble to levels measured in the U. S. population (6). Witk a balf time
for elimination of the order of 150 days, the body burden of the exposed Rongelap
group should have decreased from the March 1954 level to 7 muc in about 550 days,
or late {n 1955. A body burden of 7 muc for this group in March 1957 could then
indicate a continuing exposurc to cs137T during 1956 of the order of 32 micro-
microcurics per day from stratospheric-tropospheric fallout vhile residing on
Majuro.

Since the Utirik group was returned to their stoll {n 1954, the mean body
burden in 1957 was eleveted to an estimated 337 muc, a'cme L3 times the Cal37

burden of the exposed Rongelap people vho resided on Majuro. Thia long residency

time on Utirik stoll after fallput contamination, ss campared to the excretion
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rate of Csl37 should have regulted in an equilibrated Csl37 burden, with an
estimated daily intake of sbout 15€0 uuc of 03137 Unfortunately no systematic

survey of foodstuffs growvn on these atolls has been reported. Data eveileble,
Bowever show that coconut grown on Rongclap contained about § uuc 3513’( per
graz, and arrowroot (Utirtk) conteined edout 8 uuc 05137 per gram. The datly
intake of severnl hundred grams of either staple would be sufficient to account
for the 1957 excretfon level in the Utirik group.

The Rorgelap groups had been resettled for sbout nine months at the time
of the barch 1958 medizel survey, and urinary excretion levels of C:‘:l37 had
incressed about one hundred fold over 1957 levels. Mcan body burden for the
two groups at this time was 0.9 uc (¢ 27 percent) and 1 2 uc (* U7 percent)
(Tables 3 and 4) Cestum? body burden may have equilibrated by late 1958 and
predicted burdens were sbout 1.3 and 1.6 uc respectively

Stron:iumgo Excretion Levels and Body Buxden

Urinery excretion levels of strontuxz90 are presented in Tebles 1, 2, and 3.
The‘ stront (u=9° excreticn level in 195C was. 0.5 uuc/liter as determipged in a
pooled sample of ST liters Pigure 2 shows the excretion of Srgo for tkhe three
years following fallcu? exposure, Although there is considerable variation in
the dnta for the varicus age groups at early times, mean values for all groups
plotted sugpest thet the excretion pattero cen ve expressed conveniently as the
sum of two expomentisl ternms The larger portion of Szﬁo was excreted vith a
balf time of ebout 43 cays, and a small frection. 20 percent, was excrated with &
helf time of about S dmys. This is similar to Covan's (7) urinary excretion
study of men accident case invelving inheled 5099,

As wus noted ir the March 1938 Cal37 levels, the excretion levels of S[j)O
were alsc increased tc 3.35-h 0/0.2, or about‘eo fold Since Csl37 levels in-
cressed 430C - 5700734, or about 14O fold, the ratio ie about seven in favor of

ccstu::u" With the increases in urinery 5:9° excretion levels in 1538, it vas

B e
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pertinent to estimats body burden, burden expected at edu.uibri\m, and daily

- inteks of 8299 from thess exeretion levels.

The metabolic behavior of strontium as outlined in Supplement F6 of the
British Journal of Radiclogy was used to estimate body burden, etc. from uricary
excretion levels of strontiumd® (Appendix). The fraction of strontium absorbed
frcm ths gastro-intestinal tract is 0.6 and the biological excretion rate from
the total body 1a 19C days. Of the absorbed fraction, 0.25/0.60, about 42 per-
cent is deposited in bone and the biological half-life is 4000 days. Adsuming
that the absorbed fraction i1s excreted entirely in urine, the mean body durden
of the exposed Rongelap group in March 1958 was 2 muc (% 52 percent). This is
wbout nine percent of the expected equilidbrium value of 23 muc. The eatimated
burden of strootium®® for March 1958 is probebly too low and compares vith
levels measured in stillbornm children in the U. 3. several years ago (8). The
daily intake of strontiun?® is estimated to be about 15 micramicrocuries or 15
Sunshine Unite (aseumirg e daily calcium intake of one gram).

Dunning {2) reported that the average concentration of strontiumd® in the
Marshallese food supply could be mbout 3650 Sunshine Units, but this would reduce
to well under 100 3unshine Units if the consumption of high S99 content foods
were eliminated. With the elimination of pandanus and land crabs the diet used
by Dunning indiceted that the intaxe of atrontium90 wvould be 17 Sunshine Units
per day. This compares favorably with the estimated intake of about 15 micro-
microcuries from excretion analysis.

Zinc65 txcre'tion levels and Body Burden

In early 1957 Miller (9) detected Zn65 in selected residents of Rongelap
and Utirik dy wvhole bod; garma-ray spectrometry. 3Body burdep ranged from 29.5

to 73.0 muc for the Rongelap residents, and L2 and 229 muc ves detected in tvo

subjects from Utirik. The Rongelap sudbjects were residing on Majuro at this time.
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Miller cbtained en effective balf-time of 110 days for the elimination of
Znss, and for the two subjects from Utirik the uripary to fecel excretion ratio
vas 1/9.

Aseuming the excretion to be entirely exponential and 1C percent of the

body burden of ’.‘.n65 cxcreted in urine, the March 1958 uripnary excretion levels

of 174 and 342 micromicrocuries indicote body burden, equilidrium dbody burder, ;

and dally intsoke as follows: ;
RONGELAP ;

1954 Evposed Group Control Group (Unexposed 1U5k)

Body Burden (March 1958): 280 muc {* 49%) 540 mue {* 903) ¢

Equilibrated Body Burden: 330 muc £50 muc ,

Deily Intake: 2100 wuc/day 4100 uuc/day ¢ ;

Percent Equilibration: 85.C percent 83.0 percent

The mean body burden estimated from 1958 excretion analysis for all Rongelap
subjects showed a ten-fold lacrease over the 1957 whole body measurcments. This
increase correlates with the return of these people to Rongelap atoll from
Majuro. Also the 1958 Rongelep Z.ns'; burdens are comparable with the Utirik
subjects in 1957, and the Utirik subjects wvould have been in equilidrium in
1957 (half time of 110 days for the elimimation of 2inct?).

The estimated intake of :an65 (200C to 4OOO uwuc per day) can not be
accounted for dby ’.’4165 sctivity levels reported in foodstuffs. Althougk tats
radio-nuclide reportedly sccountc for a lerge fraction of the total activity in
Tish, this amounts to only about six uuc per pound of muscle up to 75 uuc per
pound of whole fish (2) or at most four percent of the estimated intake.
CONCLUGIONS.

Since resettlement of the Ma-shellese people on Rongelap atoll in July 1957,

the urinary exeretlon level of ccsiuz:.l37 nas increased about 140 fold and adout

f).ncw:xing 100 percent absorption {rom tae GI Tract
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65 was readily detected ir samples from the March

20 fald for stromtiw’®. Zinc
1958 medical survey.

The estimated mean body burden at equilidbriwnm for cesi\mln is about 1.5
microcuries or about 1/6 of the tolerance recamended by the Intermational
Camission for Radiological Protection for non-industri_s.l populations. For
stroutiua’® the @een body dburden of the exposed Rongelap group in March 1958 was
estir:icd to be tvo millimicrocuries. This is about nine percent of the expected
equilit:iia valus of 23 millimicrocuries. The egquilidrated strontium’? “burden
{s about 1/5 of tolerance. The estimatcd mean body burden of ::i.ncs5 for
Rongel: Yloots fn March 1958 4s about 85 percent of the cquilidration value

of C.¢ ‘crocuries and the equilidration value is 1/70 of tolerance.
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TABLE 2

EXCRETION LEVELS OF URINARY C2SIuMt37 mm sTRowTIw”®
DN THE MARGEALLESE DURDIG MARCA 1957

ACTIVITY {uuc/liter)

SOURCE MEAN GAMPLE
VOLE caorut37 STRONTTLM
Lxposed - Rongelap 4,100 ml 3h. 0.2
Coutrols - Rorgelap 3,664 ml . < 0.2
Pxpused - Utlrik 2,875 198 1535. 0.2

VOLUME

5,800 mi €2 0.5
10,200 =l 168 o.L
2,700 md 108 -
5,400 n 103 < 0.2
8,800 m. 120 ¢ 0.2
2,790 1l 3,759, -

5,800 ml 1,093 <0.?

PRIVACY ACT MATERIAL REMOVED
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PRIVACY ACT MATERIAL REMOVED

TABLE 3

EXCRETION LEVELS or URDWRY cEstertd’, porasstin®®, zmic®”, and sTRONTIUM’C DURING MARCH 1958

1956 -IXPO5ID CROUP

RONGELAP
ACTIVITY
CASE AGE  URINE i3 I o 90

SUBJECT NO  SEX (1958) voL.  CESIWM POTASSIUM Cu/K  ZINC STRONTTUM
(=) uuc/1 21 K/1 uwuc /g uuc/l uuc/1

7 M L1 2650 210} 1.0 2003 162 1.6
9 M 27 57700 1733 0.7 1065 100 3.8
12 P 23 6745 2924 1.3 2032 20k 1.5
22 F 21 5525 5917 2.5 2357 345 6.0
26 M 16 5915 4330 1.6 2706 203 2.1
31 M 36 258C 3393 2.3 1438 2138 1.2
39 F 19 130 13130 -- -- 155 MDA
Lo M K 17540 2275 0.9 2015 143 6.1
b1 M 48 2690 2245 - -- 107 5.3
66 F 34 2665 2k3 1.k 166k 22 3.1
73 M 22 lazs 5584 - -- 147 5.7
76 M 13 2665 }1708 0.3 45031 ' 237 2.8
79 M L9 1015 N7 2.1 1796 121 2.0

‘ PRIVACY ACT MATERIAL REMOVED

WOodd LNOT1vd

SLSdLl SNOdYIAL HYITIONN
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TABLE &4

EXCRETION LEVELS OF URIMARY c:sTwe 3T, Pomascxw®C, ZINGY®, and STRONTIWYY DURING MARCE 1558

COTROL CROUP
(UNEXPOSED - 1954 )
RORGKLAP

Casy AL URINE -
SUBTECT Mo, sEx (1958} vol. cestw? pomassrad® cask

(=)) wue /1 o= K/ wuc /g
318 M ? 1880 767% 0.3 24755
8a5 ¥ 1t OO o528 2.8 e
03¢ M o0 “275 165 1.9 202
031 » .8 143 T332 1.% SU 3
636 A NS 583 TRE 1.6 1€33
& » 2 1051y 187 1.1 1052
%0 H u 2155 113 LY 2650
Ch b4 3 ChO0 20068 0.7 Fohl
Gha X ¥ 26k 380G 3.3 1138
855 H “2.55 76 1.2 2659
865 r 25 2125 K2k 1.7 2680
812 ¥ R 5275 3% 1.9 06T
74 M it 46350 1) 0.9 533
128 b4 29 2153 2009 0.3 9001
&7 o S 5045 3311 1.5 2164
&3 M - 215 130 e.1 128
847 M 20 SN SR 0.2 5307

42165 O—-59—vol. 2 -.28

1341
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CESIUM 37 EXCRETION ( [LpLc /LITER)
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Figure 1. Excretion Levels of Urinary Cestum? 37 at Various Times After Exposure
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STRONTIUM 90 EXCRETION ([ fLc /LITER)
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Pigure 2. Excretion levels of Urinary Stmntim9° at Verious Times After Exposure
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AFPENDIX

I. In the case of strontium elimination, the following assumptions were made:

s. The population was returned to the contsminated atoll at time t = o,

with a zero strontium body burden.

s AN

b. The populaticn abasorbs a daily increment of x ue, and x 43 considered
to be a constant independent of time.

¢. The emount of strontium excreted in the urine each day i3 given by
P(t) = %‘E(t), whare E(t)4 is the total excreted by all routes each day, and k is

a constant {ndependent of time.

d. The dody 1s considered to be a two compariment system, A end B, vhare

PO

A+ B = 1. The excretion rates for each compartment sre a and b dqs‘l

respectively, The portion of B(t) excreted from each copartment is proportional
. to the burden rexaining {n that compartment. For cesium and zine elimination

similar assumpticns are made, except that only ore coxpartment is agsuped.

e. lNow:

s(t) 15 total strontium body burden at time t in uc

D e e T TINN

- .

8 (t) and & (t) are the portions in each compartzent
1 2

snd 3{t) = 8 (1) + 5 (t)
1 2

Constdering esch compartment seperately and adding the results,

43 = Ax - B (t) = Ax - K P .
W 2 L(¥) = ax - as,

hancae bt

s = A (- 0™ g (0) e (1- 7Y
a 2 v

LN

Since B(t) = a8 + Ba
1 2

P(t) = & (a8, + vs,)

1
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equilidrium body burden M = lim s(t)
+ -~ 00
s(t) = xL% (1 - ov8%) & % Q- e-sz
A B
Me x (-; . E)
P(v) - § E\ (1-e%)+B(1- e-bt)J cF (LAt Be %)
s(t A B
1. y-‘,’:otequilibrhm-—%l-;(l- -at .S(l-e‘m) 3

A B
o a(t) = xP(t) 8 (1 - ey aE (-

A(L - e3%) 4+ b (1 - eP%)

kP(t)
A(1 - e%%) + B(1 - ¢

oxz 6T,

A+ B
b, He=xp(t) & ©
Al - e'at) 4+ B(1 - e

-bt)

f. The following valucs for ctrontium netabolism were obtaiped from Supplement

¥o. G of the British Journal of Radiology:
1 5
A=T2 B =12 k=1 - and o
aa 3,05 x 1073 anys ! end b = 173 X 16-% days™1, corresponding to 8
half-time of climination of 190 and LOOC days reepectively.

% = 0.6 »' and x' 15 total daily inmtolc.
At ¢t = 270 days:
P(t) = 3.45 x 107% uc/day (1954 Exposed Rongelap Subjecte)

3.9 x 1076 ue/day (comtrol Rongelap Subjects - Upexposed 1954)
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II. In the case of ces{um and tinc:

x .
8(t) = 3 (1 -a”Y) , L e-8t

X is the daily accretlon in uc/day, and 8y 18 the body burden in uc at t = o.

ale

- x
=-88 + X a -a soe'“ +a {1 - e'“)} +x
= -B(t) + x

~

XB(t) = B(t) = & et 4+ 3 (1 - e'“ﬂ
M= 1in 3(t) = x
a

t —» oo

Zincés

a=6.3x 1073 aays! (21/2 « 110 aays) k = 10

6§ = 0,03 uc

[+]
Cesfuml37
8= b.€x 1073 aays~l (41/2 = 150 days) k < 1f
So = 0 -

#The urinary/fecal ratio of rediocesium for humon subjects is about 5/1, so that

estimates of body burden are too low by about 20 percent.
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